. DFT-optimized structures of W(CNPh) 6 in THF. E = electronic energy, G = free energy, in Hartree atomic units. Figure S1d. DFT-optimized structure of W(CNdippPh OMe 2 ) 6 in THF.
S7
Calculated intense electronic transitions: Orbital composition, energies and electronic density differences W(CNPh) 6 -coplanar conformation in the C i symmetry group Table S1 . Intense singlet transitions of W(CNPh) 6 in the coplanar structure, C i symmetry. Orbital contributions >10 % shown, TDDFT PBE0/PCM-pentane. Simulated spectrum in Figure  S7a .
State Orbital Contribution (%)
Energy / cm Figure S2a . Molecular orbitals participating in intense singlet electronic transitions of W(CNPh) 6 in the coplanar structure, C i symmetry. TDDFT PBE0/PCM-pentane. Symmetry representations and calculated orbital energies in parentheses. Figure S9 . Nanosecond TRIR spectra of W(CNdipp) 6 in pentane measured at selected time delays in the 2-1000 ns range after 0.8 ns, 355 nm laser-pulse excitation. Spectra evolve in the direction of the arrows; Inset: detail of the transient bands, blue and red bars show calculated ground-and excited-state wavenumbers (Table S9 ). The main excited-state band is upshifted by 59 cm -1 relative to the ground-state band.
Figure S10. Femto-picosecond TRIR spectra of W(CNdippPh OMe 2 ) 6 measured in THF after 400 nm, 50 fs excitation, evolving in the direction of the arrows. Spectra were measured at 0 fs and then at every 50 fs until 750 fs. W(CNdipp) 6 -coplanar conformation Figure S15b . Spin density distribution in the optimized structure of the lowest triplet excited state of W(CNdipp) 6 . DFT-UKS, PBE0/PCM-THF.
S36
Spin-orbit electronic transitions of coplanar (C i ) W(CNdipp) 6 at optimized T1 geometry Tables S4, S5 and Figures S5, S6.
S41
Figure S17. Molecular orbitals and most intense transitions of W(CNPh) 6 in the coplanar conformation of the C i symmetry. Simulated absorption spectra are shown in Figure S7a .
T d orthogonal conformation:
The MO compositions ( Figures S4a, S18 ) are virtually identical to those in the coplanar structure. The HOMO set is triply degenerate (t 2 ) of a combined π(W-C)/π*(C≡N) character.
Upon going from the coplanar to the orthogonal conformation, the a u and a g π*(C≡N, Aryl)/π(N-C(Aryl)) sets of empty orbitals shift up and down in energy, becoming LUMO+1(t 2 ) and LUMO(t 1 ), respectively ( Figure S3a , S18). HOMO→LUMO(t 1 ) transitions are only weakly allowed. They do not result in a distinct feature in the simulated W(CNPh) 6 spectrum but are manifested by a shoulder observed and calculated around 450 nm for W(CNXy) 6 , whose orthogonal structure is distorted and the T d symmetry broken (Figures 2, 3) . The strong W(CNPh) 6 band calculated at 375 nm (and observed in the experimental spectrum of W(CNXy) 6 at 380 nm and as the "middle band"-shoulder in the W(CNdipp) 6 and W(CNdippPh OMe 2 ) 6 spectra) arises from transitions that combine excitations from HOMO(t 2 ) to LUMO(t 1 ) and LUMO+1(t 2 ) ( Table S2 ). The latter orbitals contain ~9% metal contribution. They are the Table S3 ) and of the orthogonal (minor)
conformations of W(CNdipp) 6 and W(CNdippPh OMe 2 ) 6 are analogous, only some of the forbidden transitions gain more intensity because of the lack of symmetry.
